study question: Are studies on semen quality in men exposed to persistent pesticides reported according to the 'strengthening the reporting of observational studies in epidemiology' (STROBE) recommendations and the guidelines for the appraisal of semen quality studies (SEMQUA)?
Introduction
The decline in semen quality in men of reproductive age is a controversial issue. The debate began when a review highlighted a decrease in sperm counts, of up to 50%, during the period 1940 -1990 (Carlsen et al., 1992 and continued with several meta-analyses reporting a decline in semen quality (Swan et al., 1997 (Swan et al., , 2000 around the world. Some recent studies have corroborated this decline in semen quality (Jørgensen et al., 2011; Mendiola et al., 2013; Rolland et al., 2013) , whereas others have found no such changes (Fisch et al., 1996; Thorup et al., 2010; Fisch and Braun, 2013) . Among the hypotheses proposed to explain this phenomenon is that of exposure to endocrine-disrupting environmental pollutants, such as certain persistent organic pollutants (POPs; Skakkebaek et al., 2001) . Environmental contaminants such as POPs are man-made bioaccumulative and lipophilic compounds, with long half-lives, that are found throughout the world as a result of widespread use in a variety of consumer products during the last century. As a consequence, all populations worldwide bear a body burden of POPs, with large inter-individual and inter-population differences (Porta et al. 2008) . Among POPs, persistent pesticides are a large group of biologically active substances used for pest control in agriculture (Porta et al., 2008; Diamanti-Kandarakis et al., 2009; Eskenazi et al., 2009) . Human exposure to persistent pesticides can take place from occupational exposure, as well as from pollution of the soil, water and food, among other sources (environmental exposure).
Persistent pesticide compounds have different properties and can act through diverse mechanisms, and their effects may be toxic or provoke endocrine disruption (Mrema et al., 2013) . In the past 40 years, many epidemiological studies have addressed the possible effects of exposure to POPs on male reproductive health, but conflicting conclusions have been drawn and at present there is no consensus as to the effect of exposure to POPs exposure on semen quality (Jurewicz et al., 2009; Merzenich et al., 2010; Mortimer et al., 2013; Vested et al., 2014) .
To address concerns about the quality of published studies, the editorial boards of many leading scientific journals now require compliance with reporting guidelines (www.nlm.nih.gov/services/research_report_ guide.html). Samaan et al. (2013) observed that adherence to such reporting guidelines is greater when they are more specific.
In order to improve the quality of reporting of observational studies, a group of methodologists, researchers and journal editors developed recommendations on what should be included in an accurate and complete report of an observational study, and published them as the statement 'strengthening the reporting of observational studies in epidemiology' (STROBE), in the form of a checklist comprising 22 items (38 questions; von Elm et al., 2007) . Given the particularities of semen quality studies, members of the ESHRE Special Interest Group Andrology have developed a specific instrument, SEMQUA, for the appraisal of seminal quality studies. This, too, is based on a checklist scheme, comprised 18 items with 28 questions, and can be used to evaluate the adherence to reporting guidelines of research articles examining the relationship between pesticide exposure and male gamete quality (Sánchez-Pozo et al., 2013) .
To the best of our knowledge, SEMQUA has not previously been compared with the STROBE criteria. The aim of this study is to perform a SEMQUA field test in the area of pesticide exposure to analyse its performance and compare it to STROBE, which is well validated.
Methods
We conducted a scoping review following the five stages proposed by Arksey and O'Malley (2005) : (i) identify the research question; (ii) find the relevant studies; (iii) select the studies to be included; (iv) extract data from the studies included and (v) summarize and report results. This strategy is recommended for topics where there is a lack of uniformity in the methodology and when objectivity must be ensured (Arksey and Ó Malley, 2005; Levac et al., 2010) .
Systematic search
Combining the terms 'sperm' and 'pesticide', a systematic search was conducted by two independent reviewers of the PubMed, ISI and Scopus electronic databases, for the period from January 1972 to September 2012. In addition, we searched the listed references of the articles identified in order to ensure no relevant citations were missed.
Inclusion and exclusion criteria
The following inclusion criteria were applied: (i) English language; (ii) research articles on human populations; (iii) type of pesticide: only persistent pesticides: (iv) type of exposure: occupational and environmental and (v) effect on basic semen parameters. Reviews, duplicate publications and opinion papers were excluded (Fig. 1) .
Data charting
A data charting form was used to compile the different variables. The papers were classified according to (i) year of publication; (ii) exposure type (occupational and environmental); (iii) journal type (clinical and environmental research) according to the area of application determined in Journal Citation Reports (andrology, reproduction, urology, genetics, environmental science, environmental and occupational health, toxicology and public health) and (iv) the observed effect (increase, no change, decrease) of persistent pesticide exposure on semen parameters (concentration, motility, morphology and volume).
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Evaluation of the adherence to reporting guidelines
All studies included were assessed independently by two researchers using the guidelines SEMQUA (Sánchez-Pozo et al., 2013) and STROBE (von Elm et al., 2007) , to determine whether or not the studies complied with each checklist item. Regular progress meetings were held, during which the researchers pooled their results, reviewed the cases and discussed those where the assessments diverged. Disagreements between the reviewers were resolved by agreement. The degree of agreement between the two reviewers was measured using the kappa index, and a value of 0.79 (95% CI 0.72-0.85) was achieved for STROBE and 0.83 (95% CI 0.77 -0.88) for SEMQUA.
Statistical analyses
Student's t-test for paired samples was performed to compare the degree of compliance with SEMQUA and STROBE (both overall and with respect only to the methodological items). The same test, for independent samples, was also used to compare the degree of compliance by type of exposure (occupational/environmental), type of journal and observed effect. The Pearson correlation coefficient was used to analyse the relationship between degree of compliance with SEMQUA and with STROBE, by year of publication. Finally, a stepwise multiple linear regression model was determined, to assess the degree of compliance with SEMQUA and with STROBE.
Results
Literature search and study selection
The literature search yielded 1179 results. Duplicate citations were removed manually. After consulting the titles and analysing the abstracts, we excluded 1140 studies that did not meet the inclusion criteria. Of these, 901 were based on an animal populations, 23 were not written in English, 67 were reviews and five were articles of opinion. Thus, a total of 181 potentially relevant publications were analysed, of which 55 were rejected because they studied exposure to non-persistent pesticides, 41 because they did not examine exposure to pesticides, 32 because they did not analyse basic parameters of semen quality, 10 because no semen analysis was performed and six because they were based on in vitro research. A total of 39 articles were finally selected. In addition, another seven relevant papers were identified from studying the reference lists (Fig. 1) .
Charting data and evaluations of adherence to reporting guidelines Table I presents the data extracted from the studies in this review. Of the 46 included articles that analysed the relationship between semen quality and exposure to persistent pesticides, 56.5% (26) examined occupational exposure and 43.5% (20) examined environmental exposure.
The mean degree of compliance with the 28 items included in the SEMQUA checklist was 47.0 + 18.5%, ranging from 97.8% compliance with item 17.1 -0% with item 18 (Table II) .
With respect to STROBE, the average degree of compliance with the 32 items included in the checklist was 43.1 + 11.6%, ranging from 100% compliance with items 1b and 3-0% compliance with items 12c, 12d, 12e and 13c (Table III) .
The mean degree of compliance with STROBE and SEMQUA was similar in the studies analysed (47.0 + 18.5% versus 43.1 + 11.6%). However, when only methodological issues were considered, there was a higher degree of compliance with SEMQUA than with STROBE (48.4 + 21.0% versus 39.5 + 17.4%; P , 0.001; Fig. 2 ). This difference was much more evident among the studies of environmental exposure (57.8 + 16.0% versus 45.8 + 14.2%; P , 0.001) than among those of occupational exposure (39.6 + 20.4% versus 34.6 + 18.2%).
Study characteristics and adherence to reporting guidelines
With respect to the year of publication of the study, the degree of general compliance increased over time for both SEMQUA (r ¼ 0.61, CI ¼ 0.39 -0.76; P , 0.001) and STROBE (r ¼ 0.45, CI ¼ 0.18-0.65; P , 0.01; Fig. 3 ). However, for the increase in adherence to SEMQUA, only the studies of occupational exposure showed statistical significance (r ¼ 0.54, CI ¼ 0.19 -0.76 and P , 0.01; Fig. 4) .
The adherence to reporting guidelines of the studies of occupational exposure was significantly lower than that obtained for environmental exposure studies, using both SEMQUA (39.6 + 18.2% versus 56.6 + 14.3%; P , 0.01) and STROBE (37.9 + 11.3% versus 50.0 + 7.0%; P , 0.001). There were also significant differences between occupational and environmental studies in the comparison of only the methodological items, both with SEMQUA (39.6 + 20.4% versus 57.8 + 16.0%; P , 0.01) and with STROBE (34.6 + 18.2% versus 45.8 + 14.2%; P , 0.05). The mean year of publication of the articles on occupational exposure was earlier than that of the articles on environmental exposure (1990 + 11 versus 2004 + 5; P , 0.001).
Of all the studies, 58.7% (27/46) were published in clinical journals versus 41.3% (19/46) in environmental journals. There was no significant difference in overall compliance between the two types of journal, either with SEMQUA (48.7 + 20.1% versus 45.8 + 17.6%) or with STROBE (42.6 + 11.3% versus 43.6 + 11.9%), for clinical and environmental journals, respectively. Neither were significant differences observed when only the methodological items were considered.
The studies that reported a negative effect on sperm concentration of exposure to persistent pesticides presented a lower level of compliance than those which did not observe any such influence, both with SEMQUA (42.1 + 18.3% versus 57.6 + 14.2%; P , 0.01) and with STROBE (40.2 + 10.3% versus 49.5 + 11.6%; P , 0.05). No differences were observed for the other semen parameters.
The year of publication and the observed effect on sperm concentration were the only variables included in the stepwise multiple regression model taking as the dependent variable the degree of overall compliance, according to SEMQUA and STROBE (Table IV) .
Discussion
The results obtained in this study indicate that the compliance with the reporting guidelines (STROBE and SEMQUA) of the articles on semen quality and exposure to persistent pesticides is generally low, especially with respect to methodological characteristics. These low levels of reporting are in accordance with those observed in similar studies in healthcare literature in general (Galera et al., 2011; Samaan et al., 2013) and in the area of reproductive medicine in particular (Coppus et al., 2009 ). This inadequate adherence in reproductive research studies underlies the ongoing debate about the relationship between the increase or decrease in semen parameters and exposure to environmental pollutants (Joffe, 2010) . Genuine interdisciplinary collaboration (basic, clinical and epidemiological) would facilitate the rigorous development of semen quality studies and would prevent the occurrence of much low-quality research. In addition, compliance with methodological standards would make the analysis of semen quality a very useful marker in clinical research and in healthcare services, regarding both reproductive health (Guzick and Swan, 2006) and general health issues (Jensen et al., 2009) .
Our results also indicate that with respect to methodological items, the adherence to reporting guidelines is greater when the latter are more specific, as for SEMQUA compared with STROBE. This finding is in agreement with the conclusions of Samaan et al. (2013) , who after reviewing several articles regarding adherence to reporting guidelines concluded that a useful strategy for increasing research quality would be to develop new guidelines on specific clinical areas, as was done recently with SEMQUA (Sánchez-Pozo et al., 2013). The SEMQUA checklist includes questions that summarize the essential points that need to be considered for the proper development of studies of semen quality. Most of these items should be considered in any full, accurate report of an observational study, and included in other guidelines, such as STROBE, for the reporting of observational studies.
The higher degree of compliance observed in the methodological aspects of studies of environmental exposure, according to SEMQUA, is because these studies have been published more recently. Other authors, also, have noted that the date of publication is a factor that is associated with better reporting quality (Ziogas and Zintzaras, 2009; Montgomery et al., 2011) . This may be due to three factors (i) studies are ever larger and involve more authors; (ii) authors are gaining experience and writing skills and (iii) editors and reviewers are demanding higher quality articles (Bath et al., 1998) .
Not all the items included in the reporting quality guidelines have the same weight in terms of their effect on the validity of the studies evaluated. In this regard, our results reveal important deficiencies in some of the main characteristics necessary for any study of semen quality. First, the features and the description of the study population were only reported in 60% of the papers. In our opinion, this percentage is not high enough. A missing or incomplete description of the study population (including inclusion and exclusion criteria) affects the extrapolation of study results to the general population. In addition, some authors have suggested that this may lead to an overestimation of the effect observed (Sackett, 1979; Grimes and Schulz, 2002; Dawson and Trapp, 2004 ).
Second, most of the studies included (89%) did not inform of the number of semen samples analysed per individual or analysed only one sample. Several authors have suggested that to obtain a reliable determination of an individual's semen quality several samples must be analysed, due to the variability encountered in semen parameters (Jeyendran, 2000; Carlsen et al., 2004; Castilla et al., 2006) . Semen parameters (concentration, motility and morphology) have a high intra-individual variability both in healthy men (Á lvarez et al., 2003) and in subfertile men (Leushuis et al., 2010) . This methodological deficiency is therefore crucial and limits the applicability of the results obtained. Due to the specific characteristics of semen quality studies, it is necessary to control for additional variables such as period of abstinence, the time elapsed from sample collection until the beginning of analysis, and/ or the place of sample collection (Stokes-Riner et al., 2007) . Failure to include this information in the study makes it impossible to distinguish the real effect of exposure to pesticides from biological or physiological variation. Proof of the importance of these factors is the fact that the only semen parameter whose decline is associated with low reporting quality is that of low concentration, i.e. the parameter which is most affected by biological variability (Á lvarez et al., 2003; Carlsen et al., 2004) .
Third, deficiencies in participation in quality control procedures, both internal and external, in identifying outliers and in quantifying the uncertainty of the observed values, are all weaknesses of the studies evaluated.
The results obtained in this respect coincide with the poor implementation of the principles of quality control in the andrology laboratory described by two surveys of andrology laboratory practice (Keel et al., 2002; Riddell et al., 2005) . This may be due to the fact that laboratory scientists do not fully understand the statistical basis on which accurate measurements are made (Pacey, 2010) . Without the proper quantification of the variability of each measure and of its associated error, the measurement process is inherently unreliable (Bjorndahl et al., 2010) . The calculation of uncertainty of the values obtained in semen analysis started to be recommended from 1999 (WHO, 1999) , but 45.7% of the papers selected for this study were published before that date. However, analysis of the degree of compliance in this particular aspect showed that, among the papers published subsequently, the percentage of studies that breached this requirement decreased only slightly (95.2% versus 80.0%). Furthermore, the methods for calculating the accuracy of semen parameters are readily available in the literature and are essential for the detection and correction of systematic and random errors, and thus for ensuring the reliability of the results obtained (Castilla et al., 2006; WHO, 2010) . Our study highlights the need to unify the indexing of articles on semen quality, as 15% (7) of the articles included were not revealed in the first search strategy, but from an extensive review of the bibliography cited in the articles analysed. Of these seven papers that were not identified with the keywords 'sperm' and 'pesticides', two were identified using the term 'sperm quality'. SEMQUA, unlike other specific guidelines such as the STAndards for the Reporting of Diagnostic accuracy (STARD; Bossuyt et al., 2003) , does not include any recommendation on the use of indexing terms. To facilitate the retrieval of semen quality studies, authors should use the same terms, such as sperm or semen quality in the title or abstract, as well as in the keywords.
There are limitations of this study assessing the quality of the information reported. Although we analysed the methodological and design aspects of studies, we did not consider other features such as the clarity of the language used (legibility), consistency or the absence of ambiguity (González et al., 2004) . Moreover, the risk of publication bias should be taken into account, i.e. the possibility that more studies on persistent pesticides showing a significant effect on seminal parameters have been published.
Another limitation is that we were unable to assess whether the high degree of non-compliance with the SEMQUA and STROBE guidelines was due to an oversight in the preparation of articles by their authors or during the editorial process, including the peer-review process of journals in which authors need to satisfy the requirements of reviewers, or at both stages. The fact that we found no relation between the scope of the journal (clinical versus environmental research) and the adherence to reporting guidelines suggests that low levels of adherence are more strongly related to the authors of the study than to the editorial process. However, in other areas of healthcare (Balasubramanian et al., 2006; Lumbreras et al., 2006) , a relationship between reporting quality and the scope of the journal has been observed, which suggests that the editorial process needs to be standardized.
We firmly believe that compliance with the SEMQUA recommendations would substantially increase the quality of the design, development and presentation of semen quality studies, and that this would lead to a higher rate of their publication in the future, as has occurred after the publication of similar guidelines in other areas of health research (Begg et al., 1996; Areia et al., 2010; Capili et al., 2010) . The checklist items should be addressed in sufficient detail and clarity in the drafting of such papers. Nevertheless, the aspects referred to in these checklists should not be construed as an attempt to fit observational research information into a rigid format; on the contrary, the order and the format must continue to reflect the preferences of the author, the journal style and the traditions of the research field.
In conclusion, the low level of compliance observed is consistent with that observed in other studies in the field of reproductive medicine, and highlights the need to improve the design of studies of semen quality. Developing specific checklists for each field is critical. SEMQUA has proven to be a more specific tool than STROBE for the field of semen quality and therefore it is essential for editors, reviewers and authors to be familiar with SEMQUA and to put it into practice in the preparation and assessment of research papers on semen quality.
